Background: The objectives of this investigation are to assess the prevalence of hospital readmissions for surgical site infections (SSIs) in patients aged !18 in Italy and to describe the clinical characteristics of these patients and evaluate the possible association with readmission for SSIs. Methods: A retrospective epidemiological study was conducted between January and May 2015 considering a sample of patients aged !18 years admitted to the surgical wards of two hospitals in Naples and undergoing surgery in the year 2014. Results: 3.8% of patients had been readmitted and 28.8% of them were readmitted to hospital due to SSIs. The multiple logistic regression model showed that readmissions for SSIs were significantly more common in smokers (odds ratio [OR] = 3.14; 95% confidence interval [CI] = 1. 13-8.69), in patients with immunosuppression status (OR = 8.28; 95% CI = 1.76-38.87), in patients with low serum albumin (OR = 3.07; 95% CI = 1.05-9.01) and in patients who had undergone a surgical procedure classified as contaminated (OR = 10:44; 95% CI = 3.11-35.01) compared with those that had undergone a surgical procedure classified as clean. Conclusions: The results point to the need that hospital infection prevention strategies are implemented in order to reduce morbidity and mortality for patients. Moreover, the measures taken to prevent infections would lead to a reduction in health spending since almost one third of readmissions to the hospital in our study were due to SSIs. 
Introduction

S
urgical site infections (SSIs) are amongst the most frequent health care infections and represent a common complication for patients who undergo surgery. 1 Indeed in Europe, previous prevalence studies have demonstrated that SSIs are the second most frequent cause of healthcare associated infections and occur in 1.3% of inpatients in acute care hospitals. 2 In particular, in Italy, a prevalence of SSIs in 2.6% of surgical procedures in 2009-11 has been reported. 3 It is well-known that SSIs depend on several factors involving patients, health care professionals and hospitals including patients' health status, wound contamination class and the preventive measures to which the patient is subjected before, during and after the surgical procedures. 4 Despite significant progress achieved in understanding of SSIs mainly regarding the main risk factors associated and their prevention and control measures, SSIs still continue to represent a relevant problem for the public health as they can determine an increase in mortality and a longer hospital stay with a considerable increase of expenditure of health care resources. 5 Moreover, patients with SSIs can have prolonged antibiotic therapy and revision of surgical procedures and may be more likely to have a hospital readmission or intensive care treatment compared with those without infections. 6 The readmissions for SSIs represent a minimal portion of SSI burden which may be investigated through in-hospital and post-discharge surveillance. However, although the prospective longitudinal surveillance is the ideal approach to understanding the weight of these infections, this surveillance system is very expensive and requires a challenging work of healthcare professionals. For this reason, the prevalence studies are the most commonly used for monitoring infections as they are able to provide information on the distribution of SSIs in a short time and with limited resources use. Moreover, it is well-established that SSIs are amongst the most common reasons for readmission in surgical patients [7] [8] [9] [10] and, since readmissions are increasingly used as a measure of the quality of hospital care, the understanding of the frequency of readmissions for SSIs represents for the hospital where they occur an opportunity to improve quality and the effectiveness of care in surgical patients and to expand the knowledge about the SSIs' complications.
Several investigations have been carried out to evaluate the frequency of SSIs [11] [12] [13] [14] [15] [16] [17] and the associated factors, whilst to the best of our knowledge little data are available worldwide regarding the frequency of hospital readmissions for SSIs and in particular no data are available on this topic in Italy. [18] [19] [20] Therefore, this retrospective epidemiological investigation has the following primary objectives. The first is to assess the frequency of hospital readmissions for SSIs in a sample of patients who underwent general and specialty surgery in Italy. The second aim is to evaluate the role of clinical history of the patients and the characteristics of the surgical procedures as determinants of readmission in hospital for SSIs.
Methods
Between January and May 2015 a retrospective study was conducted considering a sample of patients aged !18 years admitted to the surgical wards and undergoing surgery in the year 2014 in two hospitals in Naples, and in particular in an academic hospital with 382 and in a public acute care hospital with 168 beds. In particular, from the list of public hospitals in Naples, two hospitals were selected amongst those for which administrative data were available and all admissions in surgical wards of the selected hospitals were examined. Patients who died during hospitalization and who had undergone emergency procedures were excluded.
Before starting the investigation, a letter was delivered to the medical director of the hospitals to describe the purpose of the study to ensure the confidentiality of patients' data and to obtain approval. Following the approval, all admissions to the surgical wards were examined using administrative data. In particular, from the hospital administrative data it was possible to collect the following information for all surgical patients: gender, age, marital status, educational level, ward of admission, length of hospital stay, date of admission and discharge, date of admission and discharge, number of readmission in hospital. Subsequently, only the medical records of each patient readmitted after the first admission for the surgery were requested from the hospital for examination. The readmissions to hospital for SSIs have been defined as readmission of patients who had had SSI within thirty days after surgery or within one year for those who had an implant of prosthesis. The SSIs were defined according to the criteria of the European Centers for Disease Control and Prevention 21 or based on the reasons for the hospitalization reported in the medical records or an ICD-9 diagnosis code indicating SSI.
The information collected from the medical records was reviewed and summarized on a standardized case report form by two investigators not directly involved in patient care. The following characteristics were collected: age, gender, weight, height, ward type, admission diagnosis, date and day of the week, length of hospital stay, smoking status, diabetes, systemic steroid use, poor nutritional status, chemotherapy/radiotherapy, transfusion of blood products, comorbidity Charlson index, 22 surgical wound classification, 23 type and length of the surgery (minutes), American Society of Anesthesiologists (ASA) Score, time interval between the date of surgical procedure and readmission, presence of SSI, antibiotic therapy for SSIs, microbiological culture test, surgery during the readmission and details of perioperative antibiotic prophylaxis. The antibiotic prophylaxis has been evaluated for each surgical procedure and was considered appropriate if the choice of antibiotic administration, when indicated, the timing, the doses and the length of administration were in according to the Italian national guidelines. 24 The protocol of the study was approved by the Ethical Committee of the University of Campania 'Luigi Vanvitelli' of Naples.
Statistical analysis
The collected data were entered into a database in the form of numeric codes and a quality check of database was carried out before starting the statistical analysis. Statistical analyses were conducted in several stages. First, descriptive analyses were performed to describe and summarize the information available from administrative data for all surgical patients and then the characteristics of readmitted patients. Secondly, for the sample of readmitted patients, bivariate analysis was performed using chisquare test or Fischer exact test for all categorical variables and Student's t-test for continuous variables. Following, a multivariate stepwise logistic regression analysis was performed to investigate the independent characteristics associated with the outcome of interest: profile of patients with a readmission for a SSI (readmission for other reasons = 0; readmission for SSI = 1). The significance levels for the exclusion and inclusion of variables in the model were 0.4 and 0.2, respectively. All inferential tests were performed through the execution of bilateral hypothesis test with statistical significance level of P values equal to or less than 0.05. The results of multivariate regression analyses were reported as odds ratios (ORs) and 95% confidence intervals (CIs).
In the logistic regression model the following independent variables were included: age (continuous), sex (male = 0; female = 1), surgical ward of hospital stay (general = 0, specialties = 1), smoking status (no = 0, yes =1), immunosuppression status (no = 0, yes = 1), low serum albumin (no = 0, yes = 1), diabetes (no = 0, yes = 1), ASA score (ASA I = 0; ASA II, III and IV = 1), surgical wound classification (clean = 1, clean-contaminated = 2, contaminated = 3), length of hospital stay in days (continuous), length of surgery in minutes (continuous), endoscopic surgery (no = 0, yes = 1), the implant of prosthesis (no = 0, yes = 1), appropriateness of perioperative antibiotic prophylaxis (no = 0, yes = 1). The independent variables to include in the model were chosen based on the previous investigations in published literature and because they were considered as interesting predictors of the outcome. Statistical analyses were performed using Stata version 10.1 software. 25 
Results
A total of 3815 surgical procedures performed in the year 2014 on patients ! 18 years of age admitted to the ordinary regime were included. More than half of the patients were female (60.2%), the average age was 53 years (range 18-107), more the half of patients were married (56.1%), 34.1% had at least a secondary school educational level, more than half of the procedures were performed in specialist surgery and the average length of hospital stay was 7 days (range 1-137). Table 1 shows the main characteristics of the patients who had had at least one readmission after the previous surgery and the main risk factors SSIs compared with those for patients who had had at least one readmission due to SSI. Overall, 145 patients had a readmission, 61.4% of them were female with an average age of 56 years (range 18-87) and 54.5% of the examined procedures were performed in general surgery wards. The average length of hospital stay for these patients was 9.6 days and the average time between the admission for surgical procedure and readmission was 15.6 days.
With regard to the risk factors for SSIs, 33.8% of readmitted patients were smokers, 22.8% had diabetes, 10.3% had immunosuppression status and one in five had a poor nutritional status with a low serum albumin (22.1%). During the first admission for surgery, 39.3% of patients had undergone a surgical procedure classified as clean, 51.7% as clean-contaminated and only 14.5% had undergone a surgical procedure classified as contaminated. Moreover, 26.2% of patients had received an endoscopic approach, more than half (57.9%) had undergone surgery under general anaesthesia and in 75.2% of the examined procedures were administered antibiotics as surgical prophylaxis. Perioperative antibiotic prophylaxis was appropriate only for the 9.2% of procedures where the antibiotics were indicated, and considering all surgical procedures, only the 6.9% of the perioperative antibiotic prophylaxis was appropriate.
In total, 1.1% (41 patients) of the sample had a readmission for SSIs and these representing the 28.3% of all readmitted patients. Other main reasons for hospital readmission were in order planned readmissions for surgical procedures (22.1%), progression/reoccurrence of diseases (15.2%), admission for diagnostic and therapeutic procedures (11.4%) and non-infectious surgical complications (7.6%). As shown in the bivariate analyses in table 1, a significantly higher frequency of patients who had a readmission for SSIs was observed amongst patients admitted to the general surgery ward ( 2 = 4.39; P = 0.036), amongst those with diabetes ( 2 = 6.21; P = 0.013), in patients with low serum albumin ( 2 = 9.55; P = 0.002), amongst those who had undergone a surgical procedures classified as contaminated ( 2 = 18.77; P < 0.001) and in those who had had a greater length of surgery (t = -2.49; P = 0.014). The results of the multivariate regression were substantially similar to the bivariate associations and revealed that the readmissions for SSIs were significantly more likely in smokers (OR = 3.14; 95% CI = 1.13-8.69), in patients with immunosuppression status (OR = 8.28; 95% CI = 1.76-38.87), in patients with low serum albumin (OR = 3.07; 95% CI = 1.05-9.01) and in patients who had undergone surgical procedures classified as contaminated (OR = 10.44; 95% CI = 3.11-35.01) compared with those that had undergone a surgical procedure classified as clean (table 2) .
The types of SSIs that occurred were for 26.8% of cases superficial SSI, for 48.8% of cases deep SSIs and in 24.4% of cases involving organs or spaces. A microbiological culture test was performed only for 16 patients with SSIs (39%) and the more frequently isolated microorganisms were Staphiloccoccus aureus (seven cases) and Candida albicans (two cases). Considering all surgical procedures only 4.9% of perioperative antibiotic prophylaxis amongst readmitted patients for SSIs was appropriate. 88.2% of SSIs were treated with antibiotics.
Discussion
To the best of our knowledge, this is the first investigation conducted in Italy that has evaluated readmissions for SSIs of patients undergoing surgery in both general surgeries wards that specialty surgery and represent the first survey that has assessed which factors could be associated predictors to readmissions. As well as reported by other investigation, the results of this study show that SSIs are the most common reasons for readmission in surgical patients, given that 28.3% of patients readmitted after the first admission for surgery were readmitted to hospital due to SSIs. This is an interesting result because the readmission rates are increasingly seen as a gauge of the quality of care provided by the hospital. Indeed, since the readmissions for SSIs are potentially avoidable readmissions, understanding their impact on hospital care is useful for the hospital management to implement programs to decrease the number of these readmissions, reduce healthcare expenditures and improve quality of care and patients safety.
Previous experience published on this topic in Italy had welldocumented the prevalence of hospital readmissions and it is interesting to mark that in this study the potentially avoidable readmissions were significantly more likely amongst patients admitted in general surgery wards. 26 Several studies worldwide have evaluated the readmission for SSIs for specific surgical procedures, but there is a dearth of literature that evaluated the frequency of readmission for the totality of surgical procedures performed in surgical wards after the first admission. Therefore, it is very difficult to compare to previous studies due to different objectives, sample and methodology.
The readmission rate for SSIs in our sample is similar to values found in two studies conducted in the US amongst neurosurgery patients where SSIs were the most common reasons for readmissions. 18, 19 Moreover, SSIs was the cause of 22.1% of readmissions in a study conducted amongst general surgery patients. 27 In other studies, the rates of readmission for SSIs were lower than those observed in our study. In particular, in a study conducted in Texas, amongst patients readmitted 8.6% had a SSI 20 and SSI was the cause of 17.7% of readmissions in a study who evaluated the hospital readmission after total hip arthroplasty. 28 Finally, in a retrospective cohort study that evaluated the readmission of orthopaedic surgical patients, 38% of the surgical readmissions were due to SSIs. 29 An interesting finding of our study was that only 6.9% of perioperative antibiotics prophylaxis performed during the first admission for surgery was appropriate amongst those readmitted with SSIs, although at multivariate analysis the appropriateness of perioperative antibiotic prophylaxis was not associated with readmission for SSIs. A low value of appropriate antibiotics prophylaxis was found also in recent studies published in Italy regarding the appropriate use of surgical antibiotic prophylaxis. [30] [31] [32] However, performing an appropriate antibiotic prophylaxis is essential not only to reduce the incidence of SSIs but above all to reduce the risk of anti-microbial resistance and other serious complications for patients. Moreover, this study results may have important implications for the development of quality-improvement programs within the hospital for the purpose of developing appropriate practices regarding the administration of antibiotics.
Moreover, during the considered period, a clinical culture was carried out only for 39% of patients with a SSI. This result must raise awareness of healthcare workers of the need to demand timely cultural examinations in order to provide the etiologic diagnosis of the infectious disease. Indeed, the main purpose of the cultural examination is to recommend an appropriate antibiotic treatment and to identify adequate prevention strategies.
The results of bivariate and multivariate logistic regression analysis also showed that several risk factors for SSIs are significant determinants for readmissions. For example, contaminated surgical wound, immunosuppression status, low serum albumin and diabetes were strongly associated factors. These results indicate that, whenever possible, greater efforts should be made during hospitalization and post-discharge surveillance to prevent and correct all those clinical conditions that represent risk factors for infections before they require readmission to the hospital. Then, although not all SSIs are avoidable, understanding which clinical characteristics have patients is important to determine how to prevent complications related also to surgery and thus these measures may result in reducing hospital readmissions and decrease consequently healthcare costs.
This study has some limitations that must be considered for proper interpretation of the results. The first limit is that this is a retrospective investigation that, unlike the prospective longitudinal study, does not represent the ideal study for the evaluation of the frequency of SSIs and then of readmissions for SSIs. Secondly, the readmissions of patients have been evaluated only in two hospitals and thus the rate of readmissions may be underestimated because some patients could have been readmitted to other hospitals. The third limitation is that the readmission rate for SSIs may also be underestimated due to the lack of information in the medical records that did not allow us to clarify for all patients the reason for hospital readmission. Despite these limits, this investigation has a large sample size, the retrospective data were collected carefully for a one-year period and therefore we are confident that the results of this study are valid.
In conclusion, the results point to the need for the hospital infection prevention strategies are implemented in order to reduce morbidity and mortality for patients. Moreover, the measures taken to prevent infections would lead to a reduction in healthcare spending given that almost one third of readmissions to the hospitals in our study were due to SSIs.
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Key points
This is the first investigation conducted in Italy that evaluates readmissions for SSIs of patients undergoing surgery and represents the first survey that has assessed which factors could be associated predictors to readmissions. The results of this study show that the 28.3% of patients readmitted within 365 days from the first admission for surgery were readmitted to hospital due to SSIs. The results point to the need that hospital infection prevention strategies are implemented in order to reduce morbidity and mortality for patients. Moreover, the measures taken to prevent infections would lead to a reduction in healthcare spending given that almost one third of readmissions to the hospitals in our study were due to SSIs.
